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Abstract 
This white paper summarizes existing US tornado and severe weather prediction capability, 

outlines desired capabilities and presents an implementation plan combining research and 

institutional strategies for achieving those goals. At present, tornado and severe weather 

outlooks do not extend beyond one week. Recent tornado outbreaks have been accompanied 
by increased demand for more information provided with greater antecedence. The latest 

science gives evidence that tornado activity can be predicted further in advance than was 

previously believed and provides improved understanding of the links between large-scale 
climate variability and tornado activity. A focused effort building on current science and available 

model and data resources would have immediate benefits and represent a substantial step 

toward desired capabilities. Complementary to the development of new severe weather 
information is the need to determine how public and private stakeholders can effectively use 

such information. We recommend a strategy providing resources for research integrated with 

enhancement of operational capacity.!

 

1. Motivation/Background  
 
Billion dollar weather and climate disasters are on the rise in the US. In 2011 there were 
a record number (14), six of which were related to tornado outbreaks. Currently, there is 
no national capacity to provide skillful long-range severe weather outlooks. In response, 
a workshop was held in May 2012 at the National Weather Center in Norman, 
Oklahoma to assess the current state of the science and to identify what is required to 
develop long-range severe weather outlook and attribution products that span the 
intraseasonal-to-seasonal timescales, incorporate state-of-the-art science and 
technology, and achieve needs for regional information. 
  
At present the NOAA Storm Prediction Center (SPC) provides severe weather outlooks 
to 8 days. The recent call for extending the range of extreme weather and climate 
information, highlighted by the NWS Weather Ready Nation initiative, necessitates that 
we move toward advancing the science and operational capabilities to expand the 
severe weather outlooks to the extended (i.e. weeks 2-6) and seasonal (3 months) time 
horizons. Such information is useful for federal and state government agencies, private 
industry, emergency planners, and other stakeholders to incorporate into their 
operational decision making capabilities. Nascent efforts toward this goal are already 
underway and have demonstrated potential for advancing our long range prediction 
capabilities. Notwithstanding these recent advances, there are still significant gaps in 
understanding, and a need for resources to continue advancing the science toward 
skillful long range severe weather prediction. This white paper outlines a bold vision 
from the climate and weather science communities with a roadmap on how to 

forecast models; their ongoing work 
similarly demonstrates the viability of 
using global climate models, 
including the CFS, in such a 
dynamical downscaling approach.  
The forecast model – Weather 
Research and Forecasting (WRF) 
model – is configured such that 
convective clouds and storms are 
explicitly represented over the entire 
domain. The output of such 
convection-permitting WRF-model 
integrations over months and 
seasons is then mined to determine 
the spatial distribution and frequency 
of convective storms by type and 
severity. Figure 3 shows an example 
of a predicted severe storm 
occurrence over the period April 
through June of 2012, generated by WRF-enabled downscaling of the CFS model.  
 
Observational Databases 
Underpinning our current understanding of the severe weather environment and its 
climate connections is a long term (1950-present) historical database of F-scale tornado 
counts. Since this database was not intended to be a consistent homogenous long-term 
climate record of tornadic and severe weather parameters, there are inherent 
inconsistencies as a result of public awareness, tornado reporting practices, NWS 
guidelines, and other sources of inhomogeneity. These issues may introduce spurious 
trends in the long-term 
tornado data. However, it 
has been demonstrated that 
much of this trend can be 
ameliorated by focusing on 
the F1-F5 tornado counts 
only (Verbout et al. 2006) as 
demonstrated in Figure 4 
which shows that much of 
the trend can be explained 
through the timeseries 
evolution of the F0 tornado 
counts. Nevertheless, it is 
necessary to explore other 
novel ways to further 
homogenize the long–term 
historical tornado database 
while simultaneously taking 
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The Solution 

Use F1-F5? 

 

Or better yet use 

F2-F5 since they  

Produce most damage 



Harold Brooks NSSL 



Proxies  

 

 



AMJ NALLJ Variability Modes 

Scott Weaver CPC 



Combined Influence of NALLJ Modes 1 & 2 

On Regional Tornadic Activity 
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Regional Tornadic Variability 

& Sea Surface Temperatures (SST) 
 

 
 

• SST linkages offer prediction opportunity. 
 

• Compare and contrast the spatial patterns of global SST 
variability to regional tornado indices. 

 
 

• Strategy exhibits no a priori assumption regarding the 
structure of associated SST variability, the case and 
limitation when targeting connectivity to indices of ENSO. 
 

• Northern Great Plains & SE example. 



SST warming trend coincident 

with an increase in weak 

tornadoes at the expense of the 

stronger ones. 



F0-F5 

F2-F5 

If the trend is artificial 

why is the SE U.S. 

somewhat immune ? 





 

Trans Nino Index (TNI) 

[Nino1+2] – [Nino4] 

 

Modeling study indicates 

That positive TNI 

enhances MFC from 

GOM via changes to the 

GPLLJ 
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A Prediction Example  

 

 





Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

South 0.16 0.36 0.29 0.05 0.28 0.51 0.09 0.34 0.05 0.30 0.29 0.33 

Southeast 0.22 0.24 0.00 0.41 0.66 0.25 -0.01 0.00 0.49 0.26 0.45 0.47 

Central 0.47 0.50 0.64 0.23 0.37 0.45 0.42 0.05 0.19 0.03 0.24 0.42 

Midwest -0.12 0.58 0.15 0.67 0.39 0.42 0.02 0.39 -0.04 

Plains 0.12 0.37 0.40 0.50 0.53 0.27 -0.03 0.03 

Northeast 0.15 0.05 0.15 0.41 0.18 0.70 0.15 -0.02 

Southwest 0.02 -0.10 0.32 0.04 -0.01 -0.44 0.30 

Northwest -0.14 0.15 0.30 0.19 

West 0.21 0.34 0.13 

Tornado Index Regional correlations 

Mike Tipett, IRI, 2013 



A Final Word 

These are just a few vignettes. Other research includes: 
 
– Downscaling methodologies.  

– Intraseasonal variability. Some links to MJO in spring. 

– New ways to correct the historical database. 

– Exploiting modern technology to develop and maintain a new robust    
tornado database for the next generation of scientists.  

– White Paper available upon request. 
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